Abstract: Ballistic metamaterials, metal-dielectric composites with the unit cell size smaller than electron mean free path, represent a new class of composite media with many unique properties, such as hyperbolic response above the plasma frequency.
where ε τ and ε n are the tangential and normal to the metal-dielectric interface permittivity components. Here, ε d is the dielectric permittivity of the material forming the insulating layers (see Fig. 1(a) ), ε ∞ corresponds to the contribution of the bound electrons in the "metallic" layers, τ is the effective free electron scattering time, v F is the electron Fermi velocity, metal and dielectric layers have equal thickness, and the function F z is given by
. As expected, in the direction normal to the layers in the limit d v F τ that defines the ballistic regime, Eqn. (2) shows strongly enhanced electromagnetic response, with the negative effective permittivity even above the plasma frequency, while the tangential permittivity of Eqn. (1) is not strongly affected. We therefore observe the hyperbolic behavior (Re [ε τ ] · Re [ε n ] < 0) for ω > ω p where planar metal-insulator metamaterials are expected to show the electromagnetic response of an anisotropic dielectric. In Fig. 1(b) ,(c) we compare the resulting phase diagram (panel (c)) with the predictions of the local theory (panel (b) ). There, the extended region of the hyperbolic response in Fig. 1(c) at high frequencies corresponds to the resonance Hyperbolic response of the planar metal-dielectric metamaterial well above the plasma frequency of its "metallic" component, shows the potential of ballistic metamaterials to extend the applications of the existing material platforms: e.g. the use of the high-quality doped semiconductors originally introduced as "designer metals" for mid-and farinfrared frequencies, [10] can now be extended well into the near-IR range.
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